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Abstract 
The goal of the project “Smart Region Pellworm” is the establishment and operation of a smart grid with a hybrid energy storage system on the 
German island of Pellworm.One part of the project is the integration of power-to-heat appliances into the smart grid for demand side 
management purposes.Thispaper deals with the prerequisites and lessons learned from the integration of electric night storage heaters into 
Pellworm’s energy management system. Special focus lies on the development of a heat demand prediction model. 
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Nomenclature 
DSM  Demand Side Management 
EMS Energy Management System 
ESH Electric storage heater  
 
1. Introduction 
The transformation of the German energy supply system from fossil to renewable energy sources is one of the main challenges 
in today’s energy sector. The share of electricity produced from renewable sources will reach up to 45 % by 2025 and up  to 80 % 
by 2050 according to the current German targets [1]. As most renewables are dependent on weather conditions, their availability 
and power feed-in are subject to large fluctuations. Another threat to the grid stability is the often great spatial spreading of 
renewable power suppliers and consumers. Therefore, the demand for flexibility options rises with the expansion of renewable 
energies. Different energy storage technologies are needed as well as Demand Side Management (DSM) options. Furthermore, 
reliable business models and market designs are required.  
The energy supply situation on the German island of Pellworm is comparable to the situation expected in other regions in a 
few decades. Therefore, the island is selected for a pilot project, conducted by a consortium2 from industry and research. The goal 
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of the project “Smart Region Pellworm” is the establishment and operation of a smart grid with a hybrid energy storage system. 
During the operation phase of the smart grid, different business models and objective functions are tested. Energy self-sufficiency 
of the island is not a goal pursued in this project. Instead, an energy system based mainly on renewables with the aid of a hybrid 
energy storage system is optimized under economic aspects. The connection to the power distribution system via two sea cables 
is maintained and used. As one part of the project Demand Side Management options like electric storage heaters (ESH) are 
integrated into the smart grid and used for load shifting. 
In this paper, the integration of the electric storage heaters in selected households for Demand Side Management use in a 
smart grid is described. Emphasis lies on the infrastructural requirements, interfaces to the Energy Management System (EMS) 
and the developed heat demand prediction model. 
 
 
 
 
Fig.1. Left: Part of the hybrid power plant and hybrid energy storage system on Pellworm (source: E.ON), right: installed capacity and annual feed in of power 
plants on Pellworm 
2. Power Supply System Pellworm 
The islands power supply system is characterized by a power surplus due to large generation capacities from renewable 
sources, little power consumption and limited transmission capacity in the power distribution grid. The annual feed-in (installed 
capacity: 5.7 MW wind power, 2.7 MW solar power and 0.5 MW biogas) surpasses the annual power consumption by three 
times (25 GWh/a vs. 7.7 GWh/a). The power consumption is mainly driven by private households (46 %), local businesses (18 
%), electric storage heaters (17 %), and load metered customers (15 %).3 
 
Fig.2. Energy consumption of different consumers in GWh/a on Pellworm in 2011 
 
Within the project, a hybrid power plant with 0.7 MW of solar power and 0.3 MW of wind power is integrated into the newly 
installed smart grid. Additionally, a lithium ion battery4 (LIB), a redox flow battery5 (RFB), 11 decentralized lithium ion 
batteries6 on household level and 35 electric storage heaters7 (ESH) are operated by a central energy management system (EMS), 
                                                                                                                                                                                                               
 
Aachen IFHT, Gustav Klein GmbH & Co. KG 
3in 2011 
4charge power: 560 kW, discharge power: 1100 kWh, capacity: 560 kWh 
5power: 200 kW, capacity: 1600 kWh 
66 x type 1: power: 4.5 kW, capacity: 6 kWh, 5 x type 2: power: 10.5 kW, capacity 9 kWh, in total: power: 80 kW, capacity: 80 kWh  
7nominal electric power: 181 kW 
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the core element of the smart grid. The EMS optimizes the operation of the storages and DSM facilities under different sets of 
constraints determined by the selected business model (see Fig.3). 
 
 
Fig.3. Components of the smart grid 
3. Electric Storage Heaters 
Electric storage heaters are selected to be used for Demand Side Management because of their suitability for load shifting and 
the high penetration of ESHs on Pellworm.  
Approximately 20 % of Pellworm’s 600 households use ESHs as their primary source of heat. In contrast, only 4 % of the 
German households are heated by said devices [2]. ESHs account for over 17 % (1.3 GWh/a) of the island’s annual energy 
consumption8. Nevertheless, the annual power consumption mainly depends on the outside temperature. A cold and long winter 
will result in higher power consumption than a mild winter. The installed ESH capacity on Pellworm is estimated to be 3 MWel.  
Six households are selected for the integration into the smart grid and for DSM usage. These households are equipped with 
one or two ESHs per room, each one with a fixed nominal power ranging between 2 – 7 kWel. The average nominal power per 
household (sum of all heaters) is 30 kWel. In total 181 kWel (see Table 1) are available for DSM in the six participating 
households.  
 
Table 1. Nominal power of all electric storage heaters in each participant household 
User-ID Nominal Power in kWel 
User 1 35 
User 2 11 
User 3 25 
User 4 39 
User 5 40 
User 6 32 
Total 181 
Average 30 
 
ESHs are provided with electrically operated heat elements and heat storage bricks. In the default operational mode the bricks 
are heated up during the night (loading). The stored heat usually lasts for one day and is radiated to the room throughout the day 
(unloading) (see Fig.4). Due to the large thermal storage capacity of the ESHs the timings of heat supply and electricity 
consumption are independent to some degree. Therefore, the default operation mode can be replaced by an optimized loading 
schedule, that factors in a DSM task or other external constraints like the renewable feed-in (see Fig.5). To implement a flexible 
operation mode and smart grid integration some requirements have to be met, which are described in chapter 4. 
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Fig.4. Loading (22 – 6 h) and unloading (6 – 22 h) schedule of an electric storage heater in default operation mode, left: state of charge (heat storage), right: 
power consumption 
 
 
Fig.5. Electric load profile of the electric storage heaters of a household in default operation mode, Right: Example for the electric load profile of the electric 
storage heaters of a household in flexible operation mode (scheduling by Energy Management System) 
4. Integration of electric storage heaters into the smart grid 
The integration of electric storage heaters and similar appliances like electric heat pumps or combined heat and power plants 
(CHP) into a smart grid and their use for DSM requires a certain infrastructure. It has to be considered that the infrastructural 
requirements for a pilot project, described in this paper, differ from those for commercial projects. In-depth measurements and 
detailed monitoring are needed for pilot projects, while the number of required data points should be minimized for commercial 
use. 
Within the project, smart meters are installed in all participating households for power measurement. The ESHs are equipped 
with a communication infrastructure as well as measurement, control and regulation technology. In each household a special 
control box serves as an interface between all ESHs inside the household and the overall Energy Management System. On the 
one hand, the box distributes all control commands from the Energy Management System (e.g. operation mode, set point values) 
to the appropriate ESH unit. On the other hand, it collects all data points of the ESH units (e.g. status information, measured data 
points) and sends them to the EMS for monitoring and operation control purposes (see Fig.6). Metered parameters are the room 
temperature and the state of charge (SoC) of the heat storage of each ESH unit. Other recorded parameters are the set point room 
temperature specified by the user, the status of the ESH radiator (radiator needed for enhancement of heat transfer) and a failure 
indication parameter.  
 
0
10
20
30
40
50
60
70
80
90
100
22:00 6:00 14:00 22:00
St
at
e 
of
 c
ha
rg
e 
in
 %
State of charge (SoC) ESH
loading unloading
0
1
2
3
4
5
6
7
8
9
10
22:00 6:00 14:00 22:00
Po
w
er
 c
on
su
m
pt
io
n 
in
 k
W
Power consumption in kW
loading unloading
-10
-5
0
5
10
15
0
5
10
15
20
25
O
ut
si
de
 te
m
pe
ra
tu
re
 in
 °C
A
ct
iv
e 
po
w
er
 in
 k
W
Power consumption electric storage heaters Outside temperature
-10
-5
0
5
10
15
0
2
4
6
8
10
12
O
ut
si
de
 te
m
pe
ra
tu
re
 in
 °C
A
ct
iv
e 
po
w
er
 in
 k
W
Power consumption electric storage heaters Outside temperature
 Maike Hasselmann and Carsten Beier /  Energy Procedia  73 ( 2015 )  317 – 323 321
 
Fig.6. Infrastructure and communication for ESH integration into the smart grid 
The ESH can be controlled either in local or remote mode. Set to local mode the ESH is controlled by the local control system 
integrated into each oven. As a consequence the ESH’s heat storage is typically charged in predefined time intervals during the 
night (e.g. 22 h – 6 h, see Fig.4 and Fig.5 (diagram on the left)). This is the default operation mode. In the remote mode, the Energy 
Management System generates the loading schedule and thereby controls, when power is consumed by the ESH (or in other 
words when the heat storage is charged, see Fig.5 (diagram on the right)). The EMS optimizes the loading schedule in dependence 
of various constraints, shifting the power consumption of the ESH to times where it is most beneficial for the overall 
performance of the regarded power system (see Fig.7).  
The most important constraint in schedule optimization is the heat demand of the households, which has to be satisfied at any 
time. The heat load profile of the participating households needs to be predicted for a certain horizon (e.g. 36 hours) and in a 
certain temporal resolution, depending on the length and resolution of the planning and optimization intervals of the EMS. If the 
EMS’ schedule optimization is repeated every 4 hours - covering the following 36 h – the heat demand prediction will be 
executed accordingly every 4 hours. Each time the model is run, the heat demand profile is predicted and the available flexibility 
range is calculated for the next interval, which is needed as constraint by the EMS for schedule optimization. The heat demand 
prediction model developed within the project is dealt with in the next chapter. 
 
 
Fig.7. Interchange between the Energy Management System, the heat demand prediction tool and the household 
5. Heat demand prediction  
The heat load profile (also referred to as the heat load curve or the heat demand curve/profile) is defined as the time curve of 
the heat energy needed to satisfy a consumer’s heat demand (e.g. the heat demand over time to reach and maintain a certain room 
temperature). 
The heat demand profile of a household during the course of the day depends on various factors. One aspect with great 
influence is the weather (outside temperature, wind speed and solar radiation). Furthermore, individual requirements and the 
resident’s habits determine the heat demand and its time curve. For example, the room temperature in the living room might be  
desired to be higher than in the bedroom and working days may differ from holidays. Other factors are the building insulation, 
internal heat sources and ventilation habits. 
When integrating thermal supply systems like ESHs, heat pumps or CHP units into smart grids, it is not suitable to build a 
physical model of each system to calculate and predict the heat demand individually because each of the systems fulfills a 
different heat supply task. Instead, a pragmatic, adaptive and universal approach is needed, which allows heat load calculations 
for many different sites with minimum effort.  
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A common difficulty is a lack of available data for the building in question. The heat load curve of heat supply systems in 
private households is usually not being recorded. Only the annual consumption is measured and used for accounting. Hence, the 
forecast of the heat load curve cannot be based on historic load curves when integrating new facilities into a smart grid.  
Therefore, this paper proposes a universally applicable approach for predicting the heat demand based on the few available 
parameters. The developed prediction model is based on standard load profiles (SLP) applied in the gas industry to estimate the 
gas load profile of different customers. The SLP method calculates an approximated heat demand from the annual consumption; 
the outside temperature and the type of customer (see [3]). SLPs are available for different business customers (e.g. gastronomy, 
laundry etc.) and different private customers (e.g. cooking gas or heating gas customers in multi-family or single-family houses). 
The model described in this paper uses SLPs, which are usually utilized to estimate the heating gas consumption of private 
households. Assuming that the gas consumption calculated by the appropriate SLP represents the heat demand for space heating, 
the heat load curve prediction can be done with little knowledge of the individual household. The outside temperature, the annual 
energy consumption for space heating and the type of customer must be known and used as input for the prediction model (see 
Fig.8).  
 
 
Fig.8. Input and output parameters of the heat demand prediction model 
In Addition to the heat load profile prediction, the available flexibility range for ESH loading is calculated by the proposed 
heat demand prediction model (see Fig.9). The flexibility range depends on the predicted heat demand, the current SoC and the 
maximum permitted SoC. The latter is a function of the outside temperature and the individual heating curve of the ESH and 
necessary to prevent the room from overheating. The lower limit of the flexibility range specifies the required loading to cover 
the heat demand in the next time interval. The upper limit defines the maximum permitted loading restricted by the usable heat 
storage capacity of the ESH. The flexibility range is considered as constraint by the EMS when optimizing the ESH loading 
schedule. 
 
 
Fig.9. Calculation the of flexibility range for ESH loading 
6. Discussion and Outlook  
The proposed heat demand prediction model allows heat load predictions with very few parameters for several heat supply 
systems. The only required input parameters are the outside temperature, the annual heat demand and the SLP customer type. 
Furthermore, the available flexibility range for load shifting is calculated under consideration of the prediction of the heat 
demand, the actual SoC and the maximum permitted SoC. 
This approach allows the integration and DSM usage of electric storage heaters into the smart grid even though little is known 
about the specific households’ characteristics. However the heat demand profile and load curve characteristics of the 
participating households are simplified. Therefore, detailed analyses have to be conducted in the course of the project 
determining the model’s suitability for use in dynamic schedule planning for ESHs (done by the EMS).  
One aspect to be analyzed is the necessary accuracy for the heat demand prediction. On the one hand, rescheduling due to 
imprecise forecasts (leading to too low or too high room temperatures) must be kept to a minimum for a reliable and economic 
plant operation. On the other hand, the achievable precision is limited due to unpredictable influences (e.g. changes in user 
behavior, random fluctuations). Due to the heat storage capacity of the ESHs and the heat transfer inertia of the building the 
prediction might not be required to be as precise to produce good results sufficient for DSM usage of the ESH.  
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Further aspects to be analyzed are the energy consumption of the ESHs, the comfort of the residents and the fulfillment of the 
heat demand before and after remote operation of the ESHs within the smart grid. These parameters are being monitored and 
evaluated during the project. Additionally, the ESHs will be used for DSM in different business model. Following studies will 
analyze the impact of ESHs on the optimization of Pellworm’s energy system. 
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